Two photocatalyst composed of ZnO in the form of thin film adhered to a glass sheet but prepared using different coating techniques, i.e., metal evaporation ( M.E V ) and sol-gel technique, have been examined for the photodegradation of 2,4,6-Trichlorophenol (TCP) in water in presence of UV irradiation at a wave length of 254 nm in the reactor was constructed of silica glass and air was continuously injected in the pollutant solution while continuous stirring. The concentration of TCP and its intermediate products was determined by HPLC at definite irradiation times. Simple first order kinetics was applied to the change of concentration of TCP as well as the CO 2 evolved. Nevertheless, correlation of the types and concentrations of all intermediate products. In TCP degradation on the M.E V photocatalyst, decay with irradiation time gives complete disappearance of the intermediates after 60 min, whereas used the sol-gel catalyst, all intermediate products are either increase or even increase then remain unchanged as a function of irradiation time . Even though, the difference between the degradation rate of the initial pollutant (TCP) on the two current catalysts is not such great. The adsorption capacity (in dark) of TCP on the ME. V . catalyst was found to be fast at initial time, whereas it is gradual in case of the sol-gel catalyst. This fast adsorption can contribute to the higher activity of the ME. V . catalyst.
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INTRODUCTION
Phenols and chlorinated phenols are widespread pollutants of waste and natural waters [1] [2] [3] [4] . Of special note are pentachlorophenol (PCP) and trichlorophenols (2,4,5-TCP, 2,4,6-TCP) [5] [6] [7] [8] . Apart from their own biological activity, these pollutants can be highly toxic, as they contain micro impurities of polychlorinated dibenzodioxines (PCDD) dibenzofurans (PCDF) which are the most toxic of xenobiotics [9] [10] [11] [12] [13] [14] . Besides, once in the environment, chlorophenols can be transformed into more toxic compounds under the action of natural factors [15] [16] [17] .
Alternatively to the traditional water treatments, advanced oxidation processes (AOP) represent a promising approach to degrade organic pollutants, transforming them into non-toxic or less toxic products [18] . Heterogeneous photocatalysis performed with irradiated semiconductor dispersions [19] [20] [21] [22] [23] [24] [25] is one of the more interesting AOP treatments since it is able in most cases to completely mineralize the organic harmful species. It has proved that this process can completely destroy many toxic organic compounds in waste water into carbon dioxide [26] [27] [28] . The overall process can be summarized by the following reaction :
ZnO is a semiconductor which has the same band gap energy of TiO 2 (3.2 ev) and similar electronic properties, but it has llimited applications as a photocatalyst for the oxidative degradation purpose due to its photocorrosion. Recently, there has been a growing interest in ultra particles of ZnO [29] [30] [31] [32] [33] [34] for efficient photoconversion applications owing to its high surface reactivity. Photocatalytic degradation of cellulose bleaching effluent and kraft black liquor have been widly investigated [35] [36] [37] using ZnO catalyst; it was found that ZnO has activity almost comparable with that of TiO 2 . Therefore, it seems interesting to investigate the performance of this photocatalyst alternatively to TiO 2 . Thin film of nanostructured [38] [39] [40] [41] ZnO particles have been used for its high conversion efficiencies in various applications. Most of the studies related to photodegradation reactions have been carried out using suspensions of powdered ZnO in aqueous solutions. However, their removal from water is difficult and recent research has focused on the preparation of highly photoactive immobilized catalysts for water treatment.
In the present work, we have paid much attention in preparing thin films of of ZnO on glass plates by a sol-gel process and Metal Evaporation technique. The photocatalytic activities of These prepared catalysts have been compared for the degradation of 2,4,6-TCP. Also the production of chloride ion and the photo intermediate products in water have been studied.
2-Experimental:

2.1.Preparation of ZnO Thin film catalysts: 2.1.a. Preparation of ZnO thin film catalyst using Thermal Evaporation method:
A thin film of Zn was thermally grown onto a glass substrate under vacuum of 10
torr, using multipurpose vacuum station (sputtering unit) VUP-5M. The growth rate and thickness were measured during growth using a crystal oscillator thickness monitor. The growth rate was adjusted to be as low as 10 nm/second to avoid the differential evaporation of elements constituting the film. The thermal oxidation process of Zn films using Naber therm Furnace was carried out at various temperatures (350-550•C) in order to grow thin zinc oxide films on the glass substrate. Zn metal with high purity (99.9%) was used as a target.
2.1.b. Preparation of ZnO thin film catalyst using Sol-Gel method:
Zinc acetate was dissolved in 2-propanol under vigorous stirring at 50-60 o C. Similarly sodium hydroxide was dissolved in 2-propanol at the same temperature under constant stirring. The zinc acetate-isopropanol solution was kept at 0 o C, then NaOH solution was added quickly under continuous stirring. The mixture was kept in water bath for sometime.
The zinc oxide colloid was quite stable and no precipitate was observed. To prepare the film from this colloidal ZnO sol, glass plates of size 2 x 3 cm were dipped in the colloid slowly then taken out with the same speed and dried in air. This process was repeated six times. These films were finally calcined at 400 o C for 2 hours. The ZnO films, thus obtained was uniform and strongly adherent to the glass sheet.
Characterization of the prepared ZnO thin film 2.2.a. scanning electron microscop:
The surface morphology of ZnO films was studied using a scanning electron microscope (JEOL-JSM-5410).
2.2.b. X-ray diffraction :
A Brucker D8-advance X-ray diffractometer with Cu K α radiation (λ = 1.5418 Å) was used.
RESULTS AND DISCUSSION
Evidently, chlorine ion concentration in the irradiated water is significantly lower on using the catalyst prepared by metal evaporation than on using the catalyst prepared by the sol-gel method (Fig.1) . On the former catalyst, C l -evolution is around 5 ppm during the whole irradiation run, whereas it is around 14 ppm on using the latter catalyst. This behavior may indicate that Cl -evolution in large quantity on a catalyst may have caused a larger opportunity for this catalyst to inhibit further reactions of the adsorbed molecules, i.e., Cl -poisoning occurs.
SEM photographs taken for the M.evap. catalyst show that the particles are mostly in the form of needles (Fig.2) , whereas the sol-gel catalyst particles are in the form of fragmental structure (Fig.3) , which may indicate that the ability of the former catalyst to absorb TCP from the polluted water exceeds that of the latter catalyst. Fig.4 shows the adsorption of TCP on the ZnO films prepared by M.evap. and sol-gel methods. This adsorption has been carried out in dark in order to exclude photodegradative possibility .Using the M.evap. catalyst, adsorption of TCP is fast during the first 15 min, beyond which adsoption remains unchanged till 60 min, whereas on the sol-gel catalyst adsorption of TCP is gradual till 60 min period. The fast adsorption on the M.evap. catalyst implies that the ZnO catalyst is in the form of nano-tubes.
Photocatalytic degradation of TCP using catalysts prepared via MetalEvaporation and sol-gel methods: Fig.5 shows that the thin film photocatalyst prepare via M.evap. is more active than the sol-gel prepared catalyst for TCP removal. Using the former catalyst, TCP remaining after 60 min of irradiation amounts to 4.6 ppm out of 100 ppm, whereas using the latter catalyst, TCP remaining amounts to 19.3 ppm. Fig. 6 is a first order plot of the photodegradation of TCP using the two current catalysts, where in Ln (a-x) vs. irradiation time plot gives straight lines with good accuracy,i.e., R 2 =0.9727 and 0.9279 respectively. The reaction rate constant (k TCP ) for this reaction on these catalysts are 0.0455 and 0.0272 min -1 , respectively. Roughly speaking, the M.evap. catalyst is twice more active than the sol-gel catalyst.
Again, the TCP mineralization rate constants (k min. ) or the CO 2 evolution ( formation ) rate constant (k CO2 ) has been calculated via applying the data in Fig.7 . These plots (Fig.7 ) are straight lines with high accuracy R 2 = 0.9727, 0.9634 , respectively, giving k CO2 values of 0.0723, 0.0144 min -1 , respectively. For comparison of photodegradation in absence of a catalyst (photolysis), the photodegradation rate constant, k of TCP is 0.0114 min -1 , whereas the k value for its mineralization (CO 2 production) is 0.00770 min -1 .
Photocatalytic intermediates of TCP
The majority of intermediates in the photocatalytic degradation of TCP using the two current versions of ZnO thin film catalysts are aromatic compounds; a part of which contains C l -or OH -or both, whereas the other part contains quinonic functional groups.The fundamental difference between the activities of M.Ev. and the sol-gel catalysts is evident in comparing figures 8 and 9, respectively. In Fig. 8 , it is evident that the intermediates are all up-shooting rapidly to reach a maximum then decline gradually with further increasing the irradiation time. The most important accomplishment on this M.Ev. catalyst is that all intermediates completely disappear at 60 min. Nevertheless, the intermediates formed on the sol-gel catalyst increase progreasively as a function of irradiation time, with no sign of decrease beyond 60 min of irradiation. This indicates that the ring rupture efficiency of this catalyst is markedly weaker than that possessed by the M.Ev. catalyst.
Both catalysts under investigation are crystalline ZnO; moreover, both are thin films coating glass sheets. Even though, their catalytic activities are markedly different. These differences are evidently exhibited in the SEM photographs. The nanocrystalline thin rods or tubes in the M.Ev. catalyst appear advantageous over the fractured plate-like structures of the sol-gel thin film. The structure of the M.Ev. catalyst have evidently facilitated its adsorptive-absorptive capacity which can be considered as the most effective parameter distinguishing this catalyst. Fig. 8 shows that the major intermediate is the aromatic trichlorodihydroxybenzene (compound II) (see scheme 1). It reaches as high as 15.5 ppm after 4 min of irradiation then actively declines with increasing the time till disappears completely at 60 min. This compound forms via attacking a Para carbon of the aromatic ring with an active OH radical. Simultaneously with the formation of compound (II) dihydroxytrichlorobenzene, dichlorodihydroxybenzene and dichlorotrihydroxybenzene (IV) are formed in modest quantities and reach maxima of 4.0 and 3.0 ppm, respectively at 6 min, beyond which they decrease continually till disappear at 60 min. 
SCHEME 1
At 20 min of irradiation, hydroquinone starts with a maximum of 6.1 ppm then decline with increasing the time. A small quantity compound with a maximum of 2.5 ppm (benzoquinone) appears at 35 min then decline continually with irradiation time. The overall end of all these intermediates is their complete removal at 60 min after a series of interconversions from one to another via replacement of a Cl -atom by a OH radical via attacking a Para carbon of the aromatic ring, or finally oxidizing the ring forming quinone. The low concentrations of hydroquinone and benzoquinone appearing in the irradiated solution can be attributed to their fast formation followed by fast degradation. The large surface area and porosity of this M.Ev. catalyst can be greatly assisting assisting the fast O 2 spill-over spill over flowing as a part of the air pumped with the solution. On this sol-gel catalyst hydroquinone and benzoquinone do not appear as products. However, non of the three intermediates identified exhibited a tendency of declining with increasing the irradiation time, which may explain the lower activity of this sol-gel prepared catalyst. It requires much longer irradiation time to give practical photodegradation of TCP.
CONCLUSION
In general, thin film coated catalysts are much more active than the powdered versions. However, different preparation techniques of the thin film photocatalysts produce differently structured forms and, hence, different catalytic activities for the degradation of organic pollutants. In the present paper, two methods of preparing ZnO thin films coated on glass sheets have been performed; one method is physical and carried out via evaporation of purest Zn metal, whereas the other method (chemical) using a sol gel technique was performed. The physical method produced more active photocatalytic degradation of trichlorphenol in water, which was attributed to the nanostructured tubular and needle like particles obtained. The adsorption capacity and rate of adsorption of TCP by these particles exceed those of the chemically prepared thin film catalyst using the sol-gel technique. Zn Evap Sol-Gel photolysis 
